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[571 

A‘ heavy duty cooling system utilizes air as a cooling 
?uid, the air being supplied at a suitable pressure in a 
main pipe which opens into a number of secondary 
pipes. Each secondary pipe terminates in a calibrated 
ori?ce which supplies a predetermined air ?ow to a 
component to be cooled. In the case where the com 
ponents are arranged in groups, a secondary pipe 
opens through a calibrated conduit into a plenum 
chamber which distributes the air through calibrated 
openings formed in one of its walls to each of the 
components of the group. In order to increase the heat 
exchange, the area to be cooled is separated from the 
discharge opening by an expansion chamber into 
which the jet of ?uid is directed. 

ABSTRACT 

13 Claims, 6 Drawing Figures 
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COOLING SYSTEM FOR COMPONENTS ' 
' GENERATING LARGE AMOUNTS OF HEAT 

BACKGROUND OF THE INVENTION 

The present invention relates to improvements in . 
cooling systems, particularly for components which 
generate large amounts of heat. 
The term components is intended to cover elements 

of predetermined dimensions which may form an as 
sembly and which, within the framework of the present 
invention, are the source of a certain development of 
heat energy which as to be dissipated, failing which 
there is a risk that these components would be de 
stroyed or at any rate develop changes in their opera 
tion which would impair the general functioning of the 
system incorporating them. Consequently, such com 
ponents have to be cooled by means of a ?uid designed 
toabsorb the developed heat energy. 
The ?uid may be air, either ambient air if the heat en 

ergy can be dissipated freely and adequately, or forced 
draft if- the local conditions do not enable sufficiently 
intense and rapid cooling. This cooling can be carried 
out either in open-circuit or in closed-circuit fashion, 
using heat exchangers for example. The cooling fluid 
can also be a liquid which, circulating within the com 
ponents or around them, heats up and releases the ab 

‘ sorbed heat to a heat exchanger, for example, the latter 
cooling it sufficiently to enable it, during a fresh cool 
ing cycle, to absorb the heat which the components 
have developed in the interim. 
However, systems of this kind are not always ade 

quate and in the case of a liquid, depending upon the 
installation of the components to be cooled and ‘the 
risks of leakage, they can become complicated, bulky 
and therefore expensive. ’ 
This case can in particular arise where the number of 

components to be cooled is very large and where, 
moreover, they are small in size and are arrayed ‘in 
groups. ‘ , 

Situations of this kind can arise in electronics where 
for example it is necessary ‘to cool the phase-shift ele 
ments of a radiator array. The components which are 
to be cooled will for example be diodes arranged upon 
ceramic plates, ‘these diodes " developing ‘considerable 
heat energy which must be evacuated. 
The conventional, cooling systems seem ill-suited to 

the problems posed by the dissipation of such heat,-par 
ticularly as regards the ‘installation of phase-shift ele 
ments in a radiator array, these elements‘ being grouped 
in very large numbers atseveral locations whose acces 
sibility and dismantling are often di?iculnespecially 
where hydraulic connections are involved. 

SUMMARY OF TI-IEIINVENTION 
In accordance with the invention, there is provided 

a cooling system for heat-‘generating components, in 
which a cooling ?uid‘ is supplied to‘the system through 
the medium of a blower fan and cooled ina‘ heat ex 
changer, under the in?uence of an external fan, before 
?owing through a main'pipe which'open into a multi 
plicity of secondary pipes orv circuits each of these sec 
ondary circuits ‘terminating in a calibrated :passage 
which allows a predetermined flow rate of ?uid to pass;v 
this ?uid acts directly upon 'a component or indirectly 
upon a group of components by way of a ‘fluid 
distribution box or plenum chamber. 
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BRIEF DESCRIPTION OF THE DRAWING 

The invention will be more readily understood in 
connection with the following description of illustrative 
embodiments given with reference to the accompany 
ing drawing in which: 
FIG. 1 is a schematic view of a cooling system in ac 

cordance with the invention operating in the form of an 
open-circuit arrangement; 

FIG. 2 shows a modi?cation of the embodiment of 
FIG. 1, operating a closed circuit; 
FIG. 3 is a schematic view of an injector forming part 

of a system of FIGS. 1 or 2; 
FIG. 4 is a schematic view of a distribution box for 

a cooling ?uid in an alternate embodiment; 
FIG. 5 is a schematic view of a component associated 

with a ?ow spreader in an embodiment similar to that 
of FIG. 4 
FIG. 6 shows a modi?cation of the embodiment of 

FIG. 5. 

SPECIFIC DESCRIPTION 

FIG. _1 schematically illustrates a cooling system in 
accordance with the invention, that is to say one de 
signed to dissipate heat generated at a high rate, e. g. on 
perphaps in the order of SW per mm'’, and designed 
also to take into account the installation of the compo 
nents ‘being cooled, which may be quite numerous es 
pecially in the context of the electronic devices men 
tioned above. In the example of FIG. 1, the cooling 
fluid is air and the system operates, in an open circuit 
at atmospheric pressure. This system comprises an air 
intake 1 followed by a fan 2 acting-as a blower to‘main 
'tain the interior of the apparatus under pressure and -to 
compensate inter alia for the pressure losses while sup 
plying the required air ‘?ow. The air leaving the fan 2 
passesthrough a heat’exchanger 3 where itis cooled by 
the action of an external fan 4 generating a cross-?ow 
of ambient air. The cooled air leaving the exchanger 
outlet-reaches a pipe 5 which transports it to the loca 
tion where cooling is to take place. To do so, in accor 
dance with the invention, the main pipe or supply mani 
fold 5'opens into a multiplicty of branchpipes 6, or sec 
ondary ?uid cicuits, some of which ‘have ‘been desig 
nated60 to 69. The number of these secondary circuits 
depends on'the number'of componets to be cooled and, 
in some instances it is advantageous to have a separate 
‘branch circuit 6069 to feed each component. 
In this case, each secondary circuit has a discharge 

opening‘formed by a nozzle or injector 70m 79 con 
fronting the respective component as described .in 
more detail hereinafter. 
The spent air, which has been used to cool the. com 

ponents and has therefore heated up,~ is collectedrin a 
discharge pipe 8. In-the embodiment shown-in‘FIG. :1, 
this’ pipe opens directly to the atmosphere. 
‘FIG. 2‘ illustrates a device similar to that of FIG. I but 

operating in a pressurized closed circuit. 
All-the elements and circuits of FIG. 2 which have 

counterparts in FIG. 1, are designated by the same ref 
erences. The'two embodiments therefore exhibit nu 
merous similarities. However, the secondarypipe '8, 
collecting the airy heated in contact with the compo 
nents‘ being cooled, opens into another pipe 9 which re 
tums' the heatedair to the input of the device, that is 
to say to the blower fan 2. 
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FIG. 3illustrates details of the injector. Or nozzle 60 
located at one end ofv a secondary circuit, at’ the point 
where the latter opens onto a component which is to be 

This injector is ?xed by suitable means, and in a man 
ner known per’se, to the end of the secondary circuit 
and its ori?ce 10 is calibrated in order tofmatch its air 
?ow, to the heat development of the corresponding 
component. Generally, the injector will be located op 
posite the component beingv cooled. According'to an 
important feature of the invention, the number of sec-‘ 
ondary circuits is reduced with reference to the number 
of components to be cooled, especially where the‘ com 
ponents are‘ very numerous, as for example in the elec 
tronic system of avre?ector array which comprises a - 
very‘large number of phase-shift elements, and where 
the components are arrayed in several groups. 

' In this case, the secondary circuits do not terminate 
at the injectors but, still calibrated, open into air distri 
bution boxes or plenum chambers. - 
FIG. 4 illustrates this kind of arrangement. A secon-v 

dary circuit 60, for example, is provided to this end 
witha-calibrated' constriction 11 to regulate the air ?ow 
passing into an air-distribution box 12. vIn a wall of this 
box, injectors 13 to 18 are distributed which are associ 
ated in eachv case with one of the components 19 to 24 
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being cooled, these latter being grouped for example - 
upon a plate 25. The array of components-and the air- , 
distribution box are arranged in an enclosure 26, gener 
ally under pressure, and the air heated by the compo: 
ne'nts being cooled escapes from enclosure 26 through 
an exit pipe 27 connected to the return pipe 9 visible 
in FIG. 2. I , 

FIG. 5 illustrates a detail of a mounting for a group 
of components to be cooled by to the air distribution 
box'of FIG. 4. ‘ ‘ 

The components to be cooled, which in the example 
of‘ the aforementioned re?ective antenna array, are di 
odes 28, 29, are arranged upon a ceramic supporting 
plate 30. The wall'of the distribution box 12, in which 
the injectors 13 and 14 are ?xed, is marked 31. The in 
jectors 13, 14 are directed straight onto the compo 
nents to be cooled. However, in order to improve cool-. 
ing, the heat-exchange area of the component exposed 
to ‘the oncoming air stream is increased. by means of a 
?ow spreader in ‘the form of a cup-shaped receptacle 
32, 33 of a material having good thermal conductivity 
which is attached, preferably by soldering, to the com 
ponent. This cup has a generally cylindrical form. and 
the ‘corresponding injector, e.g. nozzle 13, penetrates 
into it. The air expelled by the injector 13 strikes the 
base of the cup 32 and leaves same by ?owing over its 
walls, in the manner indicated by the arrows in the 
drawing; ‘The cooling of the component 28 or 29, 
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mounted in apertures 45 each overlying the end wall of ' 
a respective receptacle 28_or 29, is thus achieved .by 
forced convection.‘ In the case of electronic’ compo 
nents, diodes iri'the example described above, the in» 
jector which penetrates ‘into the cup lies 1 to 2 mm 
from the lateral walls and the base. The 'injectoris 
coated with an'e'lectrical ‘insulator in this case. - 
‘FIG; 6 shows’a receptacle 34 in which the injector 

has been formed by machining.“ ~ ‘ r I, . , 

‘The-receptacle 34 is no longer ‘an ‘open-ended ‘cylin 
der as in FIGJS,‘ but‘takes the‘form of a‘ closed cylindri 
cal chamber. a - ' . . ' 
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To one of the end walls ‘35 of this receptacle 34a 
component 36 is ?xed, this component itself being at 
tached to a plate 37. In the other, partly closed end wall 
38, facing the wall 35, a calibrated ori?ce 39-is ma 
chined to provide communication with the air 
distribution box.’ ' ' . 

In this case, the receptacle projects into the plenum 
chamber 40 and the wall 42 of the latter abuts against 

. the lateral walls of the receptacle 34 through the inter 
mediary of a flexible seal 41 of insulating material. Lat 
eral parts 43 and 44, serving to discharge the air heated 
in contact with the component being cooled, are pro 
vided in the lateral walls of the receptacle. This con 
struction makesit possible to achieve supplementary 
vcooling thanks to the effect of expansion of the air in 
the chamber 34. 
What is claimed is: , 
1. In combination, a multiplicty of heat-generating 

electronic components, arrayed in a plurality of groups, 
and a cooling system for dissipating the generated heat, 
said cooling system comprising: 
a heat exchanger provided with an inlet and an outlet 

for a gaseous ?uid, blower means for driving said 
?uid, and cooling means for said ?uid between said 
inlet and said outlet; ‘ 

a supply manifold connected to said outlet for receiv 
ing said ?uid therefrom; I 

a plurality of branch conduits extending from said 
supply manifold; and 

Ya separate plenum chamber connected to each of 
said branch conduits and juxtaposed with a respec 
tive group of said components, each plenum cham 
ber being provided with a multiplicity of calibrated 
discharge openings individually confronting the 
components of said group for training a cooling 
?ow upon same. 

2. The combination de?ned in claim 1 wherein said 
?uid is air. 

3. The combination de?ned in claim 1 wherein said 
heat exchanger includes an external cross-?ow fan for 
transferring heat from said ?uid to ambient air. 

4. The combination de?ned in claim 1, further com 
prising an enclosure surrounding said group of compo 
nents and said plenum chamber, said enclosure being 
provided with an exit for spent ?uid. ‘ ‘ 

5. The combination defined in claim 4, further com 
prising a return conduit extending from said exit to said 
inlet. ; 

6. The combination defined in claim 1 wherein said 
branch conduits are provided with calibrated constric 
tions. ' 

7. The combination de?ned in claim 1 wherein said 
group of components are provided with a common sup 
port, further comprising a plurality of receptacles of 
thermally conductive material communicating with re 
spective discharge openings of said plenum chamber, 
saidreceptacles having end‘walls in contact with said 
support and interposed between said discharge open 
ingsand confronting components. 

8. The combination de?ned in claim 7 wherein the 
interiors of said receptacles are substantially wider than 
said discharge openings, thereby enabling said ?uid to 
spreadalong the inner wall surfaces thereof. 

9. Thecombination de?ned in claim 8 wherein said 
receptacles are generally cup-shaped with open ends 
opposite said end walls, said discharge openings being 



3,843,910 
5 

formed by nozzles spacedly extending through said 
open ends toward said end walls. 

10. The combination de?ned in claim 8 wherein said 
receptacles are substantially cylindrical with partly 
closed ends opposite said end walls formed with said 
discharge openings and with lateral ports for the escape _ 
of spent ?uid. 

11. The combination de?ned in claim 10 wherein 
said receptacles project into said plenum chamber at 
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6 
said partly closed ends. 

12. The combination de?ned in claim 11, further 
comprising insulating seal means supporting said recep 
tacles in a wall of said plenum chamber. 

13. The combination de?ned in claim 7 wherein said 
support is a ceramic plate, said components being di 
odes carried in apertures of said plate overlying said 
end walls. 
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